Background-Chagas disease (CD) or American trypanosomiasis is caused by a hemoflagellate protozoan, Trypanosoma cruzi (TC). This organism has been isolated from more than 100 mammalian species and several insect vectors demonstrating a wide host distribution and low host specificity.
Introduction
CD or American trypanosomiasis is caused by TC, a protozoan parasite belonging to the order Kinetoplastida, family Trypanosomatidae. Arthropod vectors (Reduviidae, assassin bugs or cone nosed bugs or kissing bugs), particularly Triatoma spp. act as invertebrate hosts during the disease transmission from one animal to another. CD naturally occurs in Central and South America, and the southern United States, within the natural habitat of kissing bugs [15, 31] . TC is widely distributed and has low host specificity. The main reservoir hosts are dogs, raccoons, opossums, armadillos and rodents [2, 5, 11, 13, 14, 23, 29, 33] . Triatoma spp vectors transmit the infectious stages of the protozoa through their feces, but vertical transmission of TC has been reported in primary hosts [1, 20, 30] . Old world monkeys (i.e. Macaca mulatta, Macaca silenus, Macaca nigra) and lemurs (i.e. Lemur catta) may become infected when transported to the areas of vector persistence or through artificial experimentation [6, 12, 24] . In primates TC can spread by blood to blood exposure, intercourse and trans-placental transmission. TC infection in nonhuman primates (NHP) may remain sub-clinical for years with occasional symptoms of anorexia, lymphadenopathy, fever, hepatosplenomegaly, eyelid edema, drowsiness, heart failure and sudden death [17] . Humans may get the disease from handling the infected blood and tissues. Reactivation of CD can occur in immune compromised patients [4, 7] resulting in cardiomyopathy, central nervous system alternations, and the presence trypamastigotes in the blood during the acute phase. Reactivation of TC has also been reported during experimental SIV infection of rhesus macaques [16] . In humans TC is a common cause of cardiomyopathy and has two clinical phases. In the cardiac form of the acute phase changes are minimal, but the chronic phase is characterized by irreversible cardiomyopathy leading to cardiac dysfunction and death [18] . We document a case of a chimpanzee dying acutely with CD.
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Methods
Animal
A 23 year old, male chimpanzee died acutely and with a clinical history of abnormal ECG and high calcium and low potassium two months before death. A complete necropsy with histopathology was performed to evaluate the cause of death. The chimpanzee was housed in an indoor-outdoor, metal and concrete cage and fed a standard commercial monkey chow (Teklad©, PMI Nutrition International, LLC, Brentwood, MO 63144); water was available ad libitum. Fresh fruits and vegetables were fed daily. All procedures and care were approved by the Southwest National Primate Research Center Institutional Animal Care and Use Committee and in compliance with national animal care standards.
Serological testing
TC serological testing was performed using an in vitro enzyme immunoassay (EIA) for the qualitative detection of antibody to TC (Abbott Laboratories, Abbott Park, IL). This particular assay differentiates TC from the non pathogenic trypanosome, Trypanosoma rangeli [22] .
PCR
DNA was isolated from both ventricles by using proteinase K digestion with phenol/ chloroform extraction. The precipitated DNA was washed with cold 70% ethanol, dried, and resuspended in sterile water. Concentration of the DNA was measured by using a Nanodrop™ ND-1000. Touchdown PCR was employed to reduce non-specific amplification, denaturation at 94°C for 10 minutes followed by 10 cycles of "touchdown PCR", denaturing at 94°C 30 seconds, annealing for 15 seconds, decreasing 1°C per cycle from 64°C to 55°C, and extending at 72°C for 20 seconds. Subsequent amplification carried out with 30 cycles of 94 °C for 30 s, 54 °C for 15 s, and 72°C for 20 s. A final extension was held at 72°C for 7 minutes, and stored at 4°C. A beta-globin locus was also amplified to verify DNA quality. A total of 300 ng of DNA was amplified in a 50 μL reaction y using AmpliTaq Gold (Applied Biosystems, Foster City, CA). Reactions conditions were 0.2 mmol/L MgCl2, 200 μM each dNTP, 0.6 μM each primer and 1 U Taq DNA polymerase. The primers used anneal to the TC ∼ 330 bp minicircle fragment were AAATAATGTACGGGKGAGATGCATGA (121) and GGTTCGATTGGGGTTGGTGTAATATA (122) [25] . A 5 μl sample of the reaction was analyzed on a 1.5% agarose gel electrophoresis and visualized with ethidium bromide and U.V. transillumination.
Immunohistochemical assay (IHC)
IHC was carried out using TC primary antibodies raised in rabbit anti-TC serum (LAB AIIR/IOC, Oswaldo Cruz Foundation, Rio de Janeiro, Brazil) and rabbit ABC Staining System (sc-2018), according to package instructions (Santa Cruz Biotechnology, Inc, CA, USA). IHC was performed on several areas of the heart using formalin fixed paraffin sections, cut at 4 μm and mounted on Polysine (ESCO™) coated glass slides. Target Retrieval (Dako™) was used to recover/unmask the antigenicity in formalin fixed tissue. Tissue sections were incubated with biotinylated goat anti-rabbit IgG followed by peroxidase labeled Avidin biotin-HRP using diaminobenzidine chromogen as substrate. Sections were counter stained with Mayer's hematoxylin, dehydrated, cleared, coverslipped and then analyzed by light microscope. Appropriate positive and negative controls were used.
Results
Gross pathology
The chimpanzee was thin with minimal abdominal fat. Several peritoneal adhesions were observed in the abdomen. The spleen was enlarged approximately three times normal size. There was hypertrophy of the left ventricular wall of the heart and a moderate amount of yellow to orange fluid was evident in both ventricular walls and the septum. The thickness of the left ventricular wall was 2.5 cm, the right ventricular wall 0.7 cm and the septum 2.0 cm. The liver was pale tan and minimally enlarged. Nearly 20 ml of yellow to red fluid was present in the scrotum. The cause of death was not evident at necropsy but the lesions were consistent with mild congestive heart failure.
Microscopic observations
There was moderate to severe multifocal infiltration of lymphocytes ( Fig. 1) and a minimal mixed population of inflammatory cells in the left ventricle. Necrosis of myofibers, mild interstitial fibrosis and separation of myofibers with clear spaces were observed. Nests of amastigotes morphologically consistent with TC were seen within muscle fibers primarily in the interventricular septum, but also in both ventricles. The amastigotes were 2-4 um in diameter, round to oval with a nucleus and a variably distinct rod shaped kinetoplast arranged parallel to the nucleus. The lung was markedly congested and multifocally alveolar spaces were filled with proteinaceous fluid (edema). Heart failure cells were not observed. The spleen and liver were unremarkable.
Serological testing
The chimpanzee was negative for CD specific antibodies in routine serological testing with an in vitro enzyme immunoassay a month before death.
PCR
A band length of >300bp was observed on agarose gel electrophoresis of PCR reactions (Fig. 2) . This was consistent with the expected size of the TC ∼ 330 bp minicircle fragment. Similar sized bands were also seen in PCR reaction produced from formalin fixed myocardial tissue (data not shown).
Immunohistochemistry
Nests of amastigotes were readily visualized with immunohistochemistry (Fig. 3) .
Discussion
CD is the leading cause of heart disease Central and South America, is becoming recognized as a serious human health concern in the United States [15] . Since the first report of an infected baboon in 1984, CD has been described in baboons and a crab-eating macaque at the same facility as this chimpanzee [9, 10, 32, 34] . Transmission is believed to be the result of catching and eating infected invertebrate hosts, or fecal contamination of wounds created during feeding of these same infected invertebrate hosts. Control of the invertebrate hosts and culling affected NHP are key to limiting infection [32] , however the use of outdoor enclosures makes elimination of the disease unlikely.
The fact that the chimpanzee was previously negative for CD specific antibodies in routine serological testing a month before death indicates the acute nature of the disease. The observation of an abnormal ECG made two months before death, whereas TC serology was negative one month before death, could suggest that the cardiac alterations were not related to the TC infection. Although cardiomyopathy is commonly encountered in chimpanzees [27] , and could account for some portion of the cardiac fibrosis seen in this case, the length of time required for seroconversion to TC, the incidence of false negative serologic results, particularly in debilitated NHP, and the timecourse of cardiac lesion development have not been established in chimpanzees. It remains possible that the abnormal ECG was an early symptom of CD. TC infected NHP show similar cardiac changes as other species, including humans. Acute CD has been extensively described in rhesus monkeys [3, 8, 19, 21, 26, 28] . Detailed study of CD in chimpanzees offers a unique opportunity to further understand the pathogenesis of the disease. Agarose gel electrophoresis image showing PCR positive bands for mini-circle fragment of the kinetoplastid DNA of TC. Note the >300bp size bands in both ventricles of heart along with the positive control and DNA ladder. 
